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Abstract 

Dimethyl carbonate (DMC) has been of interest as an oxygenate additive to diesel fuel because of 

its high oxygen content. In this study, a chemical kinetic mechanism for DMC was developed for 

the first time and used to understand its combustion under conditions in an opposed flow 

diffusion flame. Computed results were compared to previously published experimental results 

from an opposed flow diffusion flame. It was found that the decomposition rate DMC => 

H3COC(=O)O. + CH3 in the flame was much slower than originally thought because resonance 

stabilization in the H3COC(=O)O. radical was less than expected. Also, a new molecular 

elimination path for DMC is proposed and its rate calculated by quantum chemical methods. In 

the simulations of DMC in the flame, it was determined that much of the oxygen in dimethyl 

carbonate goes directly to CO2. This characteristic reduces the effectiveness of DMC for soot 

reduction in diesel engines. In an ideal oxygenate additive for diesel fuel, each oxygen atom stays 

bonded to one carbon atom in the products thereby preventing the formation of carbon-carbon 

bonds that can lead to soot. When CO2 is formed directly, two oxygen atoms are bonded to one 

carbon atom thereby wasting one oxygen atom in the oxygenate additive. To determine how 

much CO2 is formed directly, the branching ratio of the key reaction, CH3OC.=O going to the 

products CH3 + CO2 or CH3O + CO was determined by ab initio methods. The A-factors of the 

rate constant of this reaction were found to be about 10-20 times higher than previous estimates.  

The new reaction rate constants obtained can be used as reaction rate rules for all oxygenates that 

contain the ester moiety including biodiesel. 
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Introduction 

In the United States, standards for soot emissions from diesel engines are becoming more 

stringent. In 2007, US standards will require a 90% reduction in soot emissions from current 

levels for heavy duty diesel engines [1]. The use of oxygenated fuels has the potential to reduce 

soot from diesel engines. Also, many oxygenated fuels are bio-derived and renewable fuels so 

that their use, rather than that of fossil fuels, helps to reduce CO2 emissions. Oxygenated fuels act 

by preventing some of the carbon in the fuel from forming soot. In an optimal oxygenate fuel, 

each O atom in the fuel will pair up with one carbon atom to form CO thus preventing a carbon 

atom from combining with another carbon to eventually form soot. 

Oxygenates also increase the amount of oxygenated species, like OH radicals, in the fuel rich 

regions of the diesel jet so that unsaturated hydrocarbon species are oxidized rather than 

participating in soot growth reactions. Dimethyl carbonate ((CH3O)2C=O) is an attractive 

oxygenated fuel because of its very high weight percent of oxygen. It offers the possibility of the 

adding a small amount of oxygenate to a conventional diesel fuel and obtaining a relatively large 

amount of oxygen by weight in the blended fuel. Diesel engines studies have shown that dimethyl 

carbonate addition to the fuel can significantly reduce smoke emissions [2]. However, the many 

simultaneous processes in an engine make it difficult to determine the mechanism responsible for 

this decrease. 

Dimethyl carbonate (DMC) also has key chemical kinetic features that make it of interest in the 

investigation of oxygenate chemistry. DMC leads to the formation of the methoxy formyl radical 

(CH3OC.=O), a key moiety in oxygenate chemistry. The generalized moiety in oxygenated fuels 

is ROC.=O where R is a hydrocarbon chain. This structure can lead to CO or CO2: 

ROC.=O => R. + CO2         (A) 
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ROC.=O => RO. + CO         (B) 

Reaction A leads to CO2, which wastes the oxygen in the oxygenated fuel because two O atoms 

are attached to one carbon atom. Reaction B is the desired path for an ideal oxygenated fuel 

because each oxygen atom pairs up with one carbon atom (one carbon atom in CO and one 

carbon atom in RO.). The ROC.=O moiety with its key branching ratio appears in the chemistry 

of practical oxygenated fuels like dibutyl maleate [3] that has been identified as a very attractive 

fuel for diesel engines [4]. Indeed, this moiety appears in the chemistry of all biodiesel fuels 

derived from plants, because of their methyl- and ethyl-ester molecular structure. It was to 

identify this key branching ratio in a relatively simple chemical system that this study was 

initially undertaken. 

Approach 

A detailed chemical kinetic model for DMC was developed. The thermodynamic parameters for 

DMC and its associated species were estimated using quantum chemistry methods and group 

additivity [5,6]. The enthalpies of formation and the entropies at 298K for the relevant species are 

given in Table 1. For most species, the enthalpy of formation was computed using CBS-Q 

methods with geometries optimized at the B3LYP/6-31G(d,p) level, in accordance with the 

methodology proposed by Bozzelli [8].  Zero point vibrational energy and thermal corrections 

were obtained with scaled frequencies as recommended by Scott and Radom [9] (0.9806 for 

B3LYP/6-31G(d,p)). The calculations were performed using the Gaussian98 computer program 

[10]. Corrections using isodesmic reactions were made. The computed enthalpies of formation 

are given in Table 1.  The CBS-Q enthalpies of formation compare very closely to values 

computed using G2 with isodesmic corrections [7]. Bond dissociation energies were computed 

from the enthalpies of formation (Table 2).  The C-H bond strength in DMC is about the same as 
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a primary C-H (101 kcal/mole, [11]), although it had been expected it would be weakened due to 

the presence of the O atom, as is the case in dimethyl ether (C-H bond strength of 97.0 kcal/mole 

[7]).  The stronger C-H bond strength in DMC relative to DME is consistent with the low 

reaction rate of DMC with OH compared to DME. [12]. 

The reaction rate constants for reactions involving DMC were obtained by estimates based on 

reaction rate constants of other oxygenated fuels like dimethyl ether, formic acid and methyl 

butanoate [13,14]. Quantum mechanical calculations were performed to obtain a more accurate 

estimate of the key branching ratio for Reaction A and B for the case where R is CH3. The 

transition states for Reaction A and B were computed using CBS-Q methods. The rate constants 

were computed from simple transition state theory. The barrier was determined from the average 

difference between the energy calculated for the transition state and the energies of both reactant 

and products, again following the methodology of Bozzelli [15].  The internal rotors of the 

CH3OC.=O species and transition states were computed to obtain pre-exponential factors for 

reaction paths A and B that were as accurate as possible. The torsional potential energy of the 

rotors was computed at 30˚ intervals at the B3LYP/6-31G(d,p) level.  The contributions of the 

hinder rotors to the entropy and specific heat as a function of temperature were determined by 

integration of the calculated torsional potential energy curves using the ROTATOR program  

[16,17].  The DMC reactions and their associated rate constants are given in Table 3. The DMC 

reactions were added to a previously developed chemical kinetic mechanism for dimethoxy 

methane and dimethyl ether [14,23].  The entire reaction mechanism can be obtained 

electronically from the authors. 

The barrier heights for CH3OC.=O reacting to CH3 + CO2 (Reaction –24) and CH3O + CO 

(Reaction –25) have been computed by Good and Francisco [7].  Using a G2 level of theory, they 
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computed 14.7 kcal/mole to CO2 and 21.8 kcal/mole to CO.  Our barrier height showed close 

agreement:  the same barrier to CO2 and 22.7 kcal/mole to CO.  They did not compute the pre-

exponential factors for these reactions. 

The OPPDIF code [24], a 1-dimensional steady-state flame code, was used to model the opposed 

flow diffusion flame structure.  The transport parameters for DMC were obtained using the 

critical temperature and pressure from the NIST WebBook [25] and the Tee, Gotoh, Stewart 

correlation as stated in [26].  The transport parameters for other DMC species for which critical 

properties were not available were estimated as being the same as other species similar in size 

and structure.  The mixture-averaged diffusion option in OPPDIF was used for species transport, 

and thermal diffusion was included in the calculation of diffusion velocities.  There was little 

difference in the results when mixture-averaged or multicomponent diffusion options were used, 

but the later was much slower to converge.  The energy equation was solved and the temperature 

profile computed.  The number of grid points was increased until the computed temperature and 

species concentration profiles were grid independent.    

 

Experimental 

Experimental measurements were conducted at atmospheric pressure using an opposed flow 

diffusion flame burner.  The experimental data has been previously published in reference 27 and 

details of the experimental conditions are given there.  The burner consisted of two opposing 

identical stainless steel outlets that direct the fuel stream and oxidizer stream into a stagnation 

point flow. Each inlet port consists of two co-axial cylinders of diameter 25 mm and 39 mm 

respectively, forming an inner tube for the main flow (fuel or oxidizer), and an annulus for the 
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nitrogen co-flow. The two cylinders are spaced 20 mm apart. Both fuel and oxidizer streams have 

the same inlet velocity of 10 cm/sec. 

The oxidizer stream containing 39% O2 and 61% N2 was sent through the top burner port; 8% 

dimethyl carbonate (DMC) and 92% N2 was sent through the bottom. The composition and flow 

rate of the oxidizer and fuel stream have been chosen in such a manner that, (1) approximately 

equal momentum is achieved at the fuel and the oxidizer port exits; (2) at flame plane, the N2/O2 

ratio is near that of air. The DMC was pumped using a peristaltic pump and passed through a 

loop kept in a hot water bath, where it was vaporized and mixed with nitrogen before being 

routed to the burner. The fuel flow line and burner port was heated to 45 ºC to avoid any 

condensation. 

Sampling was accomplished by continuously withdrawing gases from within the flame using a 

quartz micro-probe with 200-220 µm outer diameter at the tip and an orifice diameter of 120-150 

µm; low visible disturbance to the flame was observed. The probe was kept stationary and the 

burner was moved in order to measure the axial concentration profile of the flame. An oil-free 

dual-stage heated-head vacuum pump drew the samples from the microprobe along heated Teflon 

tubing, through a filter and pushed the sample through the sample loop of a Varian 3800 series 

GC/FID. A vacuum pressure of 710-730 mm Hg, measured just downstream of the microprobe, 

promoted rapid cooling in the probe tip. Simultaneous reduction of pressure and the destruction 

of free radicals on the probe walls were sufficient to stop the reactions and ensured accurate data 

on flame composition. Microprobes of various diameters were tested to determine the appropriate 

size. All the runs were conducted in low or no sooting conditions to avoid any clogging of the 

microprobe. The GC system measured C1-C6 species using an HP-AL/S PLOT Column. 

DB-Wax capillary column was used to analyze the oxygenated species in the flame. 
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Measurement of formaldehyde has been performed using HPLC technique. The gas samples were 

allowed to pass through LpDNPH cartridge where the carbonyls were trapped. The samples were 

then elutriated using acetonitrile and the liquid sample was analyzed with HPLC using a variable 

wavelength UV detector. The CO/CO2 concentrations were measured using a separate NDIR 

analyzer. Temperature measurements were taken using a 250-µm diameter R-type thermocouple.  

The measured temperatures were corrected to account for radiation losses from the thermocouple  

[28].  

 

Results 

The comparison between the results of the model and of the experiments is given in Fig. 

1-3. In Fig. 1, the temperature profile, the shape of the fuel curve, the position of CO and CO2 

peaks, and the CO peak height are in reasonable agreement. However, the model misses some of 

the early consumption of the fuel and its accompanying production of CO. The predicted CO2 

peak height is about 30% higher than the experimental peak.  A calculation was performed to 

assess the sensitivity of the CO and CO2 peak concentrations to the barrier heights for Reactions -

24 and -25 which were increased by 1 kcal/mole and decreased by 1 kcal/mole, respectively.  

These amounts are within the uncertainty of the computed barrier heights.  The CO2 peak was 

unchanged and the CO peak concentration showed a 10% increase.  Lowering the barrier to CO 

by 1 kcal/mole would be consistent with the barrier height reported by Good and Francisco [7]. 

The comparison of the minor species is given in Fig. 2. The species concentration profiles are in 

reasonable agreement, but the model predicts a higher peak for ethene than ethane. The predicted 

methane peak is also high.  Modeling calculations showed that the heights of the ethene, ethane 

methane and acetylene peaks are very sensitive to the peak flame temperature. If the peak flame 
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temperature is increased slightly, the rate of methyl recombination to ethane is reduced. For a 

100K increase in peak flame temperature, the concentration peaks of C2H4, C2H6, CH4, C2H2 

change by 70, -31, 280, 173 ppm, respectively. On a percentage basis, acetylene is most sensitive 

to temperature. 

The comparison for formaldehyde concentration profiles is given in Fig. 3. The agreement is 

reasonable given that formaldehyde is difficult to measure. The profiles show somewhat different 

shapes, but some of this difference may be due to probe averaging effects. The quartz microprobe 

draws gases from 2-3 orifice diameters from its tip [29], which results in a reduction of gradients 

and a smoothing of the composition profiles. This may be some of the reason why the predicted 

concentration profiles show higher gradients than the measured profiles. 

 

Discussion 

The key reaction paths for DMC are given in Fig. 4. Reaction 6 is the decomposition of DMC to 

methyl radicals. In preliminary calculations, it was found to consume about 75% of the DMC and 

to give too high concentrations of the minor hydrocarbon species shown in Fig. 2. Quantum 

mechanical calculations showed that the CH3-O bond in DMC (89.6 kcal/mole) is much stronger 

than initially thought based on initial group additivity estimates (59.1 kcal/mole) and the resonant 

stabilization of the CH3OC(=O)O. radical was much lower than expected. When the bond 

strength was increased to the ab initio value, this decomposition path no longer played a role in 

DMC consumption in the opposed-flow flame.  

The main consumption path of DMC is reaction with H-atoms (Reactions 7-15). The DMC 

radical is produced which rapidly decomposes to formaldehyde and CH3OC.=O. The methoxy 

formyl radical can decompose by two paths, reactions 24 and 25. Our new quantum mechanical 



 10

estimates show that about 78% of this radical leads to CO2 and 22% leads to CO at 1100K. Also, 

the new results show that the pre-exponential factors for the decomposition for both channels are 

about 10-20 times larger than the original estimates. These new rate constants can be used as a 

reaction rate rule in describing these key reaction steps for all oxygenates with an ester structure 

that produces the ROC.=O moiety. All biodiesel derived from vegetative sources have this ester 

structure. The reaction rate rules for reaction 24 and 25 are: 

k24= 4.76x107 T 1.54 exp(-34710. cal/RT)  

k25= 1.55x106 T 2.02 exp(-5734. cal/RT).  

They are also given in Table 3 for the case of CH3OC.=O. 

These new reaction rate rules affect the predicted amount of direct CO2 production for dibutyl 

maleate, an oxygenate that has been considered attractive for use in diesel engines [4].  The new 

reaction rate rules change the branching ratio of the ROC.=O radical (where R is n-butyl) from 

about 40% of this species going to CO2 at 1000K to 90% going to CO2. This means that dibutyl 

maleate is even less attractive as an oxygenate than is reported in previous chemical kinetic 

estimates [3] because each CO2 formed directly represents ineffective use of one O atom in the 

parent oxygenate molecule. 

Another significant finding in the present study is that a new molecular elimination path for 

DMC was discovered which had not previously been reported in the literature,  

DMC => CH3OCH3 + CO2         (1).  

The activation energy for the reaction was determined by CBS-Q plus corrections with isodesmic 

reactions. The computed activation energy of 69.8 kcal/mole was higher than expected. Most 4-

centered molecular elimination reactions of this type have an activation energy of about 60 

kcal/mole (e.g. 59 kcal/mole for methyl t-butyl ether 4-centered elimination [18, 31]).  
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An analysis has been made of the sensitivity of the observed species concentrations to the 

reaction rate constants.  Table 4 presents the reactions with the highest first order sensitivity 

coefficients for each observed species.  The first order sensitivity coefficients are defined as the 

normalized derivative of a species mass fraction with respect to the A-factor of an individual 

reaction.  A positive sensitivity indicates that increasing the reaction rate increases the target 

species concentration and a negative sensitivity indicates the opposite.  The sensitivity analysis 

was performed for all spatial locations, but is reported at one location for brevity.  The fuel, 

intermediate and product species profiles were insensitive to the fuel decomposition reactions, 

including molecular elimination of CO2, at any location.  Most of the species in Table 4 are 

highly sensitive to the reaction rate constants of reactions 24 and 25, discussed above.  The 

results show that CO is equally and oppositely sensitive to the rate constants of reaction 24 and 

25.  These reactions are also the most sensitive reactions affecting the fuel concentration. 

Reaction 24 gives a CH3 radical that is unreactive with the fuel and shows a positive sensitivity. 

However, Reaction 25 produces CH3O which decomposes to CH2O and a H atom which is highly 

reactive with the fuel and gives a negative sensitivity. 

 

Conclusions 

A chemical kinetic mechanism for DMC was developed for the first time. Results from the 

chemical kinetic mechanism were compared to recent measurements of DMC in an opposed-flow 

non-premixed flame. The predicted composition profiles are in reasonable agreement with the 

measured profiles. The mechanism contains new theoretically determined rate constants for the 

decomposition channels of CH3OCO, a key intermediate radical species. The ratio of these rates 

indicates that the channel leading to CO2 dominates over the one leading to CO. As a 
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consequence, the effectiveness of DMC as a fuel additive for reducing soot emissions from 

Diesel engines should be less than intuitively anticipated. This conclusion can be extended to all 

oxygenates that contain an ester moiety and to biodiesel fuels as well.  
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Table 1: Thermodynamic Data for DMC species 

 

Species ∆H°f298K S(298K)  ∆H°f298K       

 (This Study)  G2 [7]       

 kcal/mole cal/mole-K  kcal/mole       

COC(=O)OC -136.06 a 84.03 -

COC(=O)OC. -88.10 a 86.18 -

COC(=O)O. -81.29 a 70.85 -

CJOC(=O)OH -93.64 74.05 -

CH3OCHO -86.01 a 71.34 -85.7

CH3OC.O -37.77 a 72.38 -37.5

CH2.OCHO -36.19 73.68 -36.5

CH3OC(=O)OH -140.93 a 71.92                 -       

Note: “=” means double bond, carbons are assumed to be saturated except where there is a 

radical site denoted by “.”.  

a The enthalpy is calculated from CBS-Q calculation as described in the text. 
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Table 2: Bond Dissociation Energies for DMC species  

Species ∆H(298K)        

 kcal/mole        

COC(=O)O-H 111.7  

COC(=O)O-C 89.6  

COC(=O)OC-H 101.1  

COC(=O)-OC 102.4  

COC(=O)-H 100.3  

COC(=O)-OH 112.6  

  

Note: “-“ is used to indicated bond being broken.  “=” means double bond, carbons are assumed 

to be saturated. Enthalpy is calculated from CBS-Q calculation as described in the text.



 17

Table 3: Reaction Rate Constants for DMC reactions (cal-mole-sec units) 

 

 Reaction A n Ea Reference

1 COC*OOC = CH3OCH3 + CO2 5.00E+11 0.19 6.98E+04 a 

2 COC*OOC  + O2 = COC*OOC. + HO2 4.20E+13 0.00 5.35E+04 b 

4 COC*OOC. + H  = COC*OOC 5.00E+13 0.00 0.00E+00 c 

5 CH3OCO + CH3O = COC*OOC 3.00E+13 0.00 0.00E+00 d 

6 COC*OO. + CH3 = COC*OOC 3.00E+13 0.00 0.00E+00 d 

7 COC*OOC + OH = COC*OOC. + H2O 7.02E+07 1.61 -3.50E+01 e 

8 COC*OOC + H  = COC*OOC. + H2 9.75E+05 2.40 4.47E+03 f 

9 COC*OOC + CH3 = COC*OOC. + CH4 4.06E+04 2.26 7.29E+03 f 

10 COC*OOC + O  = COC*OOC. + OH 7.16E+04 2.71 2.11E+03 f 

11 COC*OOC + HO2 = COC*OOC. + H2O2 8.40E+12 0.00 1.77E+04 g 

12 COC*OOC + CH3O2 = COC*OOC. + CH3O2H 8.40E+12 0.00 1.77E+04 g 

13 COC*OOC + CH3O = COC*OOC. + CH3OH 3.16E+11 0.00 7.00E+03 h 

14 COC*OOC + C2H3 = COC*OOC. + C2H4 1.00E+12 0.00 1.80E+04 h 

15 COC*OOC + C2H5 = COC*OOC. + C2H6 1.00E+11 0.00 1.34E+04 h 

16 COC*OOC + H => COC*OOH + CH3 3.79E+16 -1.39 5.40E+03 i 

17 COC*OOH + OH  = C.OC*OOH + H2O 5.25E+09 0.97 1.59E+03 h 

18 COC*OOH + H   = C.OC*OOH + H2 9.40E+04 2.75 6.28E+03 j 

19 COC*OOH + CH3 = C.OC*OOH + CH4 4.52E-01 3.65 7.15E+03 j 

20 COC*OOH + O   = C.OC*OOH   + OH 9.65E+04 2.68 3.72E+03 j 

21 C.OC*OOH => CH2O + CO + OH 6.10E+21 -2.40 3.25E+04 k 

22 CH3OC.O + CH2O = COC*OOC.              1.06E+11 0.00 7.35E+03 l 

23 CH3O + CO2 = COC*OO. 1.00E+11 0.00 9.20E+03 m 

24 CH3  + CO2 = CH3OC.O 4.76E+07 1.54 3.47E+04 n 
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25 CH3O + CO  = CH3OC.O 1.55E+06 2.02 5.73E+03 n 

 

a This paper.  Ea from CBS-Q, ATn assumed the same as CC(C)CCCC.=>CC(C)C.CCC at 298K 

[30], and Tn from MTBE=>IC4H8+CH3OH [18]. 

b A = 7.0x1012 per H-atom, Ea=internal energy change of reaction.  Reaction rate constant rule 

from [19]. 

c Analogy with H + primary alkyl radical reaction rate rule from [19]. 

d Assumed the same rate as high pressure rate for CH3O+CH3=>CH3OCH3 [14]. 

e Assumed rate rule for abstraction of secondary H-atom by OH from [20]. 

f Assumed rate rule for abstraction of secondary H-atom from LLNL mechanism nc7_38. 

g Assumed rate rule for abstraction of secondary H-atom from [19]. 

h Assumed rate rule for abstraction of primary H atom from [20]. 

i Analogy with CH2O+H=CH2OH from [21].  

j Assumed rate rule for abstraction of primary H-atom from LLNL mechanism nc7_38. 

k Analogy with CH2O+HCO=CH2OCHO (assume HOCO has a short lifetime). 

l Analogy with CH3CO+C2H4=CH2CH2COCH3, from [19]. 

m Reaction rate rule from [14]. 

n This paper. 

Note: “*” means double bond, carbons are assumed to be saturated except where there is a radical 

site denoted by “.”.   “=>” denotes forward direction only. 
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Table 4: Reactions with the highest first-order sensitivity coefficients with respect to the rate 
constants for each observed species.  Only sensitivity coefficients 0.02 or higher are shown. The 
sensitivity coefficients were computed point of maximum concentration, except for the fuel 
which was computed at the point of 50% consumed. 
(Radical sites are denoted by “.”) 
 

 CH4 C2H2 C2H4 C2H6 CH2O CO CO2 DMC

CH3+H(+M)=CH4(+M)    0.09 -0.33 -0.20 -0.13 0.02 -0.06  0.02 

CH4+H=CH3+H2 0.08   -0.07 0.06    

CO+OH=CO2+H 0.04 0.11 0.02   -0.07 0.02  

H+O2=O+OH 0.02 0.14 0.07 0.04  0.03   

HCO+M=H+CO+M -0.03 0.25 0.18 0.13 -0.02 0.05   

C2H6+H=C2H5+H2  0.08 0.18      

CH3+CH3(+M)=C2H6(+M) -0.39 0.30 0.27 0.21 -0.06    

H2O+M=H+OH+M  -0.07 -0.04 -0.02  -0.02   

H+O2(+M)=HO2(+M) -0.02 -0.13 -0.08 -0.05 0.02 -0.05   

CH2O+OH=HCO+H2O     -0.04    

CH2O+H=HCO+H2 -0.06 -0.04 -0.03  -0.47 0.02   

CH2O+CH3=HCO+CH4 0.12    -0.04    

HCO+CH3=CH4+CO 0.05 -0.13 -0.10 -0.08  -0.02   

C2H2+H(+M)=C2H3(+M)  0.17 -0.03      

C2H2+O=HCCO+H  -0.22       

CH3+CO2=CH3OCO 0.06 0.07 0.10 0.11 -0.13 -0.15  0.02 

CH3O+CO=CH3OCO -0.06 -0.06 -0.09 -0.11 0.13 0.15  -0.02 

COC*OOC+H=COC*OOC.+H2  0.09  0.03 0.18 0.30    
COC*OOC+CH3 
=COC*OOC.+CH4 0.11    0.06    

C2H4+H=C2H3+H2      0.30 -0.22      
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Figure Captions 

 

Figure 1: Predicted (curves) and measured (symbols) mole fraction profiles of the major 

species and temperature in the DMC opposed-flow diffusion flame. 

 

Figure 2: Predicted (curves) and measured (symbols) mole fraction profiles of the minor 

species in the DMC opposed-flow diffusion flame.  The diamonds refer to ethylene and the 

squares to acetylene. 

 

Figure 3: Predicted (curves) and measured (symbols) mole fraction profile of 

formaldehyde in the DMC opposed-flow diffusion flame. 

 

Figure 4. Main reaction paths for DMC in the opposed-flow diffusion flame 

(numbers refer to reactions in Table 3; percentages refer to a reaction pathway’s share of a 

specie’s consumption). 
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Figure 1. 
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Figure 2. 
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